Two cyclopropyl derivatives are among a large group of newly characterized amino acids isolated from higher plants (reviews: Hunt, 1959; Fowden, 1958 Fowden, , 1960 . These two compounds were identified as 1-aminocyclopropane-l-carboxylic acid, isolated from perry pears by Burroughs (1957) and from cowberries by Vahatalo & Virtanen (1957) , and ,-(methylenecyclopropyl)-alanine (I, hypoglycin A), isolated from the fruits of the tropical plant Blighia 8apida (Hassall, Reyle & Feng, 1954; Hassall & Reyle, 1955; Anderson et al. 1958; Holt & Leppla, 1958; Renner, Johl & Stoll, 1958; de Ropp et al. 1958; Wilkinson, 1958; Ellington, Hassall & Plimmer, 1958) . This paper describes the isolation and identification of another relatedcompound, ac-(methylenecyclopropyl)glycine (II), from litchi (lychee) seeds, Litchi chinens8i. The new compound is the lower homologue of hypoglycin A. Like hypoglycin A, a-(methylenecyclopropyl)-glycine appears to exhibit hypoglycaemic activity when injected into animals.
ISOLATION AND IDENTIFICATION oc-(Methylenecyclopropyl)glycine was encountered first as an unidentified ninhydrin-reacting spot on paper chromatograms prepared from aqueous ethanol extracts of fresh litchi seeds. When ninhydrin-treated chromatograms were heated at about 700, the initial colour of the spot was brown, but this changed to a normal purple colour in about 2 hr. if the chromatogram was kept at laboratory temperature. The new compound had R1 0 74 in phenol-ammonia (solvent A below) and moved slightly faster than y-aminobutyric acid in butan-l-ol-acetic acid-water (solvent B Rodd, 1953) . The products formed after different reduction periods were separated on paper chromatograms developed in tert.-amyl alcohol (tech.)-acetic acidwater (solvent C). The earliest samples containedtwo ninhydrin-reacting products identified tentatively as c6 and tran8 isomers of a-(methylcyclopropyl)-glycine. The isomer produced in larger amount (III) ran slightly more slowly than the minor isomer (IV) on the chromatograms (see Fig. 1 (Hassall et al. 1954; Hassall & Reyle, 1955) . Rats died when their blood sugar fell to about 20 mg./100 ml., and, when observations were continued for 72 hr. after the injections, the LD,0 was about 90 mg./kg. body weight for fed animals. Patrick (1954) showed that the fall of blood sugar in rats was preceded by the almost complete disappearance of glycogen from the liver. Doses of 250 mg./kg. produced this total loss of glycogen within 6 hr. and the blood-sugar con-II 386 1962 l c-(METHYLENECYCLOPROPYL)GLYCINE centration had fallen to 46 mg./100 ml. (normal concentration about 100 mg./100 ml.). The limited amounts of x-(methylenecyclopropyl)glycine available required the use of smaller animals, namely mice, in our experiments. The mice (weight about 30 g.) were starved for 22 hr. and then solutions of oc-(methylenecyclopropyl)-glycine were injeated subcutaneously. The animals were killed 6-5 hr. after receiving the injections. Animals receiving 60, 130, 230 and 400 mg. of a-(methylenecyclopropyl)glycine/kg. body weight had blood-sugar concentrations of 83, 62, 57 and 35 mg./100 ml. (means of two determinations). Control animals into which an equivalent volume of water was injected had blood-sugar concentrations in the range 71-103 mg./100 ml. Determinations on other untreated mice after starvation for 23 hr. gave values between 55 and 112 mg./100 ml.
The general activity of the mice was related to the dose of a-(methylenecyclopropyl)glycine and animals receiving 230 or 400 mg./kg. were moribund at the end of the 6-5 hr. period. The liverglycogen concentrations of all experimental animals were very low (about 0-1% of the fresh weight), and almost equal; values determined for control mice were higher but variable (0-25-0-9%). The livers of mice receiving the higher doses had an abnormal white appearance and were considerably enlarged when compared with those of control animals. However, liver sections of the experimental mice (examined by Professor Sir R. Cameron) showed no striking histological abnormalities.
These preliminary experiments suggest that a-(methylenecyclopropyl)glycine possesses hypoglycaemic activity but the use of a different animal species does not allow exact comparison with recorded hypoglycin A activities. Detection of a-(methylenecycdopropyl)glycine. The compound could be detected readily on paper chromatograms at all stages during the isolation procedure because it gave a characteristic colour reaction with ninhydrin (initially brown but rapidly becoming purple). The compound did not give a coloured spot when isatin-treated chromatograms were heated at 1200 for 15 min. However, if these chromatograms were kept at room temperature for 24 hr., cc-(methyZenecyctopropyl)glycine gave an intense- Preliminary fractionations of this extract on large columns of Zeo-Karb 215 and Dowex 50 (X4) removed noncationic substances and effected a partial separation of amino acids. All fractions containing oc-(methylenecyclopropyl)glycine were combined and these contained about 17 g. of mixed amino acids.
The combined extract was adjusted to pH 4-8 and diluted to 51. The amino acids were fractionated carefully on Dowex 50 (X4; 100-200 mesh) columns (upper, 44 cm. long, 3-2 cm. diam.; lower, 30 cm. long, 1-4 cm. diam.). The extract was applied to the columns at the rate of 200 ml./hr., when all amino acids were absorbed. The columns were washed with water (3-51.) and then the amino acids were eluted with 0-15N-NH3 soln. (flow rate about 150 ml./hr.). One-hundred-and-five fractions (17-5 ml.) were collected after the break-through of aspartio acid. ca-(Methylenecyclopropyl)glycine was present in fraction nos. 14-45. Alanine was the only other major component of fraction nos. 14-29, and considerable amounts of valine were contained in fraction nos. 30-45. ac-(Methylenecyclopropyl)glycine was divided about equally between these two groups of fractions, but only fraction nos. 14-29 were combined for the final isolation of a-(methylenecyclopropyl)glycine because vuline cannot be separated readily from the new amino acid on paper chromatograms in solvent B. When the combined fractions were evaporated to dryness in vacuo at 500, the yield of mixed amino acids was 4-6 g. This residue was recrystallized once from water and twice from 70% (v/v) ethanol to give a small sample (120 mg.) of pure a-(methylenecyclopropyl)-glycine.
The residual amino acids present in the mother liquors were dissolved in a minimum volume of hot water and the solution was streaked across sheets of chromatographiegrade paper (24 in. wide); previously the sheets had been washed thoroughly with 5% (v/v) N, 10-9. C6H9NO2 requires C, 56-7; H, 7-1; N, 11-0%).
Stability of cc-(methylenecyclopropyl)glycine to acid and alkali. The compound was stable to 3N-NaOH and to conc.
HC1 at room temperature for 4 and 45 hr. respectively. It was decomposed completely by treatment with 6N-HC1 at 1000 for 26 hr. Three ninhydrin-reacting substances were produced; these had RBeU values of 0-43, 0-86 and 0-94 in solvent B. The slowest-moving substance reacted with ninhydrin to give a yellow spot initially, which changed gradually to violet, suggesting that it might be a chloroamino acid. The other two products gave violet spots with ninhydrin. These three products were not studied further.
Small-scale hydrogenation of a-(methylenecyclopropyl)-glycine. Hydrogen was bubbled through a 0-25% a-(methylenecyclopropyl)glycine soln. (0-3 ml.) containing Adams PtO2 catalyst (20 mg.) at room temperature. Small portions were removed at intervals and spotted propyl)glycine; III, ax-(methylcyclopropyl)glycine, major isomer; IV, a-(methylcyclopropyl)glycine, minor isomer; V, isoleucine; VI, leucine; VII, norleucine. The spot applied at S contained isoleucine, leucine and norleucine markers. directly on a chromatogram, which was developed in solvent C. Fig. 1 is a diagrammatic representation of the ninhydrin-reacting spots on the final chromatogram. Spots III and IV, which were probably geometrical isomers of oc-(methylcyclopropyl)glycine (see below), were formed in the first minute. Compound III was produced in larger amounts than compound IV. Further reduction gave three other compounds, V, VI and VII, which were inseparable from isoleucine, leucine and norleucine respectively. The identities of the leucine isomers were confirmed by additional chromatographic comparisons in solvents E, F, H and J. which were all capable of resolving the threo isomers.
a-(Methylenecyclopropyl)glycine had disappeared from the mixture at 3-5 min. but the a-(methylcyclopropyl)-glycines were not reduced completely when hydrogenation was stopped after 45 min. Hydrogenation was less complete if the PtO2 was reduced before addition of oc-(methylenecyclopropyl)glycine.
Large-8cale reduction of c.-(methylenecyclopropyl)glycine. Hydrogen was bubbled for 3 hr. through a 2-6% (w/v) m-(methylenecyclopropyl)glycine soln. (2-25 ml.) containing PtO2 (120 mg.) at 500. The residual solution was streaked across sheets of filter paper (0-5 mg. of amino acids/cm.) previously washed successively with 1% NaOH, water, 5 % (v/v) acetic acid and solvent B. These chromatograms were developed for 140 hr. at 15°in solvent D, which effected a good separation of all the reduction products. Bands of paper containing isoleucine and the major and minor isomers of a-(methylcyclopropyl)glycine were cut from the chromatograms and the amino acids were eluted with water.
cx-(Methy1cyclopropyl)glycine: major isomer (III). Since the eluate was liable to contain small amounts of impurities arising from the filter paper, the amino acid was purified by adsorption on and elution from a small Dowex 50 (X4) column (5-5 cm. long, 0-8 cm. diam.). After evaporation in vacuo at laboratory temperature, 18-5 mg. of this a-(methylcyclopropyl)glycine isomer was obtained in the form of a monohydrate. 
